Introduction {#S0001}
============

Periodontal disease is one of the most common chronic human bacterial infections that affects the supporting tissues of the teeth and is one of the main causes of tooth loss in adults.[@CIT0001] This disease results in the progressive degradation of the periodontal ligament (PDL) and alveolar bone together with the formation of pockets or gum recession or both.[@CIT0002],[@CIT0003] Periodontopathogens induce immunoinflammatory responses characterized by the release of inflammatory mediators.[@CIT0004] During the last few years new and interesting advances have been developed in periodontal treatment such as regenerative therapy, growth factors and host immuno-modulation treatment, all tools useful for tooth maintenance.[@CIT0005] Alveolar bone destruction is the main cause of tooth loss. The height of the alveolar bone depends on the recession and formation of the bone and the balance between these two processes and is sustained steadily.[@CIT0006] A new molecular system belonging to the tumor necrosis factor family has been identified in the regulation of bone destruction and includes three key proteins, namely the receptor activator of nuclear factor kappa-Β ligand (RANKL), the receptor activator of nuclear factor kappa B (RANK) and Osteoprotegerin (OPG). OPG is a glycoprotein in the tumor necrosis factor receptor superfamily-alpha (TNFRSF). Together with RANKL and RANK, this glycoprotein forms a molecular triad that regulates bone metabolism by controlling osteoclasts. Moreover, RANKL enhances osteoclastogenesis and bone absorption by binding to RANK. OPG binds to RANKL and deactivates it and thus prevents bone absorption, and as an inhibitor, prevents RANKL interactions and thereby reduces osteoclastogenesis.[@CIT0007] In general, the normal metabolic activity of the bone and the stability of the bone mass depends on the balance between RANKL and OPG.[@CIT0008] The $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio determines the number of osteoclasts formed. An increase in this ratio is the main cause of bone resorption in many metabolic diseases, such as osteoporosis and periodontitis.[@CIT0008] An increased $\documentclass[12pt]{minimal}
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\end{document}$ ratio is considered a sign of periodontitis and is proposed as a potential marker for the molecular diagnosis of this disease.[@CIT0009] The salivary $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio is higher in patients with a history of chronic periodontitis than in healthy people. Since RANKL and OPG changes determine the incidence of the disease and the level of response to its treatment, assessing the $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio is more valuable than merely evaluating OPG or RANLK by themselves.[@CIT0010]

Saliva is a very good sampling source that is easily collected and contains local and cystic markers as well as different enzymes and enzymatic and immunological products. These biomarkers are very extensive and different articles have emphasized their role in the periodontal disease. It thus appears that the regulation of these biomarkers can offer an acceptable solution for periodontal challenges.[@CIT0011] For example The treatment of infrabony defects with hyaluronic acid offered an additional benefit in terms of CAL gain, PD reduction, and predictability compared to treatment with open flap debridement.[@CIT0012]

Given the contradictory results of studies on the $\documentclass[12pt]{minimal}
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\end{document}$ ratio after periodontal treatment, the present study was conducted to determine the effect of Phase 1 of periodontal treatment on the $\documentclass[12pt]{minimal}
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\end{document}$ ratio.

Materials and methods {#S0002}
=====================

This study was conducted in accordance with the Declaration of Helsinki. A permission was first obtained from the Ethics Committee of Zahedan University of Medical Sciences and the longitudinal study was registered and the project begun (IR.ZAUMS.REC.1396.291). In this study, a periodontal chart was filled out for 13 individuals presenting to the Department of Periodontology in Zahedan Dental School after their examination and upon the specialist's approval. The candidates were recruited for the study if they received a diagnosis of severe chronic periodontitis and after they were briefed on the project and submitted their written consent. Healthy controls (n=14) were selected from the patients' relatives. A medical history was also taken from this group and they entered the study after submitting their written consent and undergoing a clinical examination. Participants' data, including age, gender and BMI, were recorded in information forms.

Case group {#S0002-S2001}
----------

The patients were diagnosed with periodontitis based on their probing depth measurements using a Williams probe, clinical attachment level and clinical signs of inflammation. The patients with a CAL ≥5 mm in more than 30% of their oral sites, bone resorption in the radiographs of at least five teeth in at least two quadrants and gingivitis symptoms such as bleeding during probing and gum color change were taken as patients with severe chronic periodontitis.[@CIT0013]

Control group {#S0002-S2002}
-------------

The periodontally-healthy people with a probing depth less than 3 mm in all their teeth, PI ≤10% and no clinical symptoms of gingivitis were taken as the controls.[@CIT0014]

The case and control groups were homogenized in terms of age, gender and BMI ([Tables 1](#T0001){ref-type="table"} and [2](#T0002){ref-type="table"}). The inclusion criteria for the case group consisted of having severe chronic periodontitis with CAL ≥5 mm, being at least 20 years old, having more than 20 remaining teeth, being systemically healthy, not having consumed any medications such as antibiotics or anti-inflammatory medications over the last three months and not having received any periodontal treatments over the last year.[@CIT0013] The exclusion criteria for the case group consisted of Unwillingness of the patient to continue cooperation; Failure to follow the guidelines of the investigators; Perform other treatments,use of drugs affecting the results of the study during the study pregnancy, having less than 22 permanent teeth and smoking.[@CIT0013],[@CIT0023]Table 1The mean age and BMI of the healthy controls and patientsTestGroupMean ± SDSignificance levelVariableMean ageHealthy controls33/64±7/080/96Patient37/46±9/8Mean BMIHealthy controls20/14±9/80/1Patient20/00±0.91 Table 2The frequency distribution of gender in the two groupsVariable\
GroupGender*P*-value for the Chi-Square TestFemaleMalePercentageNumberPercentageNumber0/84Patients53/8746/26Healthy controls507507

The inclusion criteria for the control group consisted of not having gingivitis, a plaque index of 10% or and a PD equal to or less than 3 mm.[@CIT0015] Saliva samples were collected from the two groups at baseline and four weeks after the SRP treatment for OPG and RANKL measurements. The patients then underwent Phase 1 of periodontal treatment. All the patients underwent scaling, root planing and brushing. Handheld ultrasonic instruments and rubber cup and prophylaxis paste were used for this purpose.

Saliva collection {#S0002-S2003}
-----------------

The best method for collecting saliva is the unstimulated method, since in the stimulated method, elements may be released into the saliva that could change its qualitative composition.[@CIT0006]

Unstimulated saliva samples were collected by spitting. The participants were asked to avoid eating, drinking and brushing their teeth 90 mins prior to the sampling. All the samples were collected from 9 to 11 am. During the sample collection, the participants were in a seated position and slightly leaned forward and emptied their saliva in a pre-sterilized test tube (gamma counter) one to two times per minute over a ten-minute period.[@CIT0016] Three milliliters of saliva were collected from each participant.[@CIT0006] This method is called unstimulated saliva collection and is a reliable method for testing the saliva content.[@CIT0017]

The collected salivary samples were stored at −70 °C until the ELISA test was performed.

OPG and RANKL measurement using the ELISA method:

The Human OPG ELISA Kit (Cat. No. CK-E90916) and Human RANKL ELISA Kit (Cat. No. CK-E30391) made by EASTBIOPHARM (USA) were used to measure the salivary OPG and RANK levels.

In the laboratory analysis stage, the saliva samples were first centrifuged for four minutes at 6000 rpm after reaching room temperature to sediment the salivary compounds that could confound the test results. The samples and standards were distributed in microplates pre-coated with specific OPG and RANKL monoclonal antibodies in the corresponding kits. The procedures were performed according to the kit instructions. After washing to remove unbound material, an enzyme-linked polyclonal antibody specific for RANKL and OPG was added to the wells. After a second wash with buffer, chromogen solution A 50 μL, then chromogen solution B 50 μL was added to each well and incubated for 10 min at 37 °C away from light. The reactions were stopped with the appropriate substrate reaction (the blue changes into yellow immediately). The optical density of the color in each well was measured at 450 nm. RANKL and OPG levels were reported as mean ± SD, expressed in pg/mL. The OPG/RANKL ratio was also calculated.[@CIT0018]

Results {#S0003}
=======

The aim of this study was to determine the effect of Phase 1 of periodontal treatment on the $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio in patients with periodontal disease. The mean age was 33.64±7.08 years in the healthy controls and 37.46±9.8 years in the patients. The mean BMI was 20.14±9.8 in the healthy controls and 20.00±0.91 in the patients ([Table 1](#T0001){ref-type="table"}).

According to the results of [Table 1](#T0001){ref-type="table"}, the mean age and BMI distribution was normal in the case and control groups as per the Kolmogorov-Smirnov test results. Given the normality of the results, the independent *t*-test was used for the analysis. This test showed no significant differences between the two groups in terms of the mean age and BMI.

[Table 2](#T0002){ref-type="table"} presents the gender distribution in the two groups. According to the data, 53.8% of the patients and 50% of the healthy controls were female, and 46.2% of the patients and 50% of the healthy controls were male. The Chi-square test showed no statistically significant differences between the two groups (*P*=0/84).
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\end{document}$ ratio between the patients and the healthy controls using the *t*-test showed a significantly higher value in the patients with periodontal disease compared to the healthy controls (*P*=0/001) ([Table 3](#T0003){ref-type="table"}). Table 3The salivary $\documentclass[12pt]{minimal}
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In order to evaluate the effect of the mean CAL on the salivary $\documentclass[12pt]{minimal}
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\end{document}$ ratio was still significantly higher in the patients than in the healthy controls despite its significant reduction in the case group four weeks after the treatment (*P*\<0/0001) ([Table 6](#T0006){ref-type="table"}). Table 6The salivary $\documentclass[12pt]{minimal}
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\end{document}$ ratio was significantly higher in the patients with severe chronic periodontitis than in the healthy controls (*P*=0/001).

This finding is in line with the results of studies by Costa et al,[@CIT0019] Mogi et al,[@CIT0023] Tobon-Arroyave et al,[@CIT0021] Baltacıoğlu et al,[@CIT0022] Tabari et al[@CIT0020] and Ochanji et al.[@CIT0024]

In studies by Costa et al,[@CIT0019] Tabari et al[@CIT0020] and Tobon-Arroyave et al,[@CIT0021] the $\documentclass[12pt]{minimal}
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The present findings are also consistent with the results obtained by Baltacıoğlu et al.[@CIT0022] In this study, the $\documentclass[12pt]{minimal}
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Moreover, Mogi et al[@CIT0023] and Ochanji et al[@CIT0024] found that the $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio is higher in periodontitis patients with any degree of illness compared to healthy people (*P*\<0.01 and *P*\<0.001). The present findings concur with the results obtained by these researchers.

Ghasemi et al[@CIT0025] however, found no statistically significant differences between the salivary $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio among the four diabetic groups (with and without periodontitis) and the healthy participants (with and without periodontitis) examined (*P*\<0.05). This result contradicts the present findings. This inconsistency could be due to the differences in sample size, as Ghasemi's study was conducted on 50 volunteers, including 27 type-1 diabetes patients, 12 of whom had periodontitis, and 23 systemically-healthy participants, 12 of whom had periodontitis. The present study, however, was conducted on 13 patients with chronic periodontitis and 14 healthy controls. This inconsistency could also be due to the differences in sampling method, sensitivity and specificity of the ELISA kit and the various levels of clinical inflammation.
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\end{document}$ ratio was not significantly different between the three groups examined, ie the healthy, chronic periodontitis and invasive periodontitis groups (*P*=0.41). This result is not in line with the present findings. This inconsistency could be due to the fact that Sarlati et al studied the RANKL and OPG concentration in Gingival Crevicular Fluid (GCF), while the present study investigated the salivary concentration of RANKL and OPG. The GCF around the entire teeth in the mouth and the secreted cytokines are present in a whole saliva sample, and the periodontium condition is not necessarily the same around all the teeth. Meanwhile, GCF is collected in a site-specific and selective manner from sites with periodontitis in the mouth. Moreover, the sampling might not have been performed from the actual site of the disease. In addition, in GCF, the RANKL is found in very small amounts, and even then, only in a form bonded with OPG or RANK, and this observation might explain the lack of statistically significant differences in this study.

In the present study, the $\documentclass[12pt]{minimal}
\usepackage{wasysym}
\usepackage[substack]{amsmath}
\usepackage{amsfonts}
\usepackage{amssymb}
\usepackage{amsbsy}
\usepackage[mathscr]{eucal}
\usepackage{mathrsfs}
\DeclareFontFamily{T1}{linotext}{}
\DeclareFontShape{T1}{linotext}{m}{n} {linotext }{}
\DeclareSymbolFont{linotext}{T1}{linotext}{m}{n}
\DeclareSymbolFontAlphabet{\mathLINOTEXT}{linotext}
\begin{document}
$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio was significantly higher in the patients with severe chronic periodontitis with a higher mean CAL compared to those with a lower CAL (*P*=0/004).
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\end{document}$ ratio and the severity of chronic periodontitis (*P*\<0.001). Their findings are consistent with the results of the present study.

There was also a direct correlation between CAL and RANKL and the $\documentclass[12pt]{minimal}
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\end{document}$ratio according to Bostanci et al,[@CIT0027] Tabari et al[@CIT0020] and Ghasemi et al[@CIT0025] (*P*\<0.01, *P*=0.015 and *P*\<0.05). The results of these three studies were thus consistent with the present findings, but contrary to the results reported by Bostanci et al.[@CIT0010] According to their study, there was a negative correlation between CAL and the $\documentclass[12pt]{minimal}
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\end{document}$ ratio in chronic periodontitis,[@CIT0010] although this relationship was not statistically significant. The reason for this inconsistency may be the differences in the $\documentclass[12pt]{minimal}
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\end{document}$ ratio in the GCF.
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio in patients with severe chronic periodontitis before and four weeks after the treatment showed a significant reduction in this value after four weeks of treatment (*P*=0/001).

Based on the results obtained by Santos et al[@CIT0028] three and six months after treatment, the $\documentclass[12pt]{minimal}
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\end{document}$ ratio reduced in the patients with controlled diabetes and periodontitis, as contrary to the patients with uncontrolled diabetes and periodontitis (*P*\<0.05), as this ratio had increased in those with uncontrolled diabetes. The reason for this disparity might be the effect of diabetes on the $\documentclass[12pt]{minimal}
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\end{document}$ ratio, since people with diabetes have less bone repair potential during the active or degenerative stages of periodontitis. Nonetheless, since the $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio had reduced in the controlled diabetes group after the treatment, these results are considered consistent with the present findings.

Moreover, according to a study by Bostanci et al,[@CIT0010] despite the improvement in clinical symptoms, the GCF $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio remained unchanged two, three and four months after non-surgical periodontal treatment (*P*\<0.01).

In a study by Buduneli et al, OPG decreased four weeks after the periodontal treatment, but no significant changes were observed in the RANKL levels, and an increase was thus observed in the GCF $\documentclass[12pt]{minimal}
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\end{document}$ ratio.[@CIT0029]

The results of these two studies are in contradiction with the present study. This disparity, may be due to the fact that samples were taken from the GCF in these two studies but in the present study samples were taken from saliva, also in the study by Bostanci et al[@CIT0010] samples were taken two, three and four months after treatment but the present study samples were taken 1 month after periodontal treatment and restoration pattern vary depending on the time elapsed from the treatment.
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\end{document}$ ratio was significantly higher in the patients with periodontal disease four weeks after the treatment compared to the healthy controls (*P*\<0/0001). This finding is consistent with the results reported by Dereka et al,[@CIT0030] in which the $\documentclass[12pt]{minimal}
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\end{document}$ ratio was higher in the patients with severe chronic periodontitis who had received non-surgical periodontal treatment four to six weeks prior to sampling compared to the healthy participants, although this difference was not statistically significant. The fact that this difference was statistically significant in the present study suggests that although periodontal treatment changes the $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio, this value is still higher in these patients compared to healthy people. Future studies are therefore recommended to use longer follow-up periods.

Conclusion {#S0005}
==========

The findings of this study show that the salivary $\documentclass[12pt]{minimal}
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\end{document}$ ratio is increased in patients with severe chronic periodontitis in comparison with healthy people, and Phase 1 of periodontal treatment is effective in decreasing the $\documentclass[12pt]{minimal}
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\end{document}$ ratio. In other words, the $\documentclass[12pt]{minimal}
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$${{RANKL} \over {{\rm{OPG}}}}$$
\end{document}$ ratio has a potential diagnostic value for periodontitis and can be a good predictor of treatment success. Further and more expansive studies are required in order to confirm this hypothesis.
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